The random fuse network as a model of rupture in a disordered medium A. Gilabert Abstract. 2014 The rupture problem in a disordered system is investigated through numerical simulations and experiments in a discrete fusewire network. Statistical results on the current distribution and the maximum current as a function of the density of defects in the network are compared with theoretical interpretations. Specific defect interactions (enhancement and screening effects) are emphasized. We discuss the analogies for the rupture problem between resistor networks and mechanical systems.
J. Physique 48 (1987) [2] , the fracture and plasticity of an elastic network near the rigidity threshold [3] , the breakdown strength in a fusewire or dielectric network [4] , the fractal structure of the percolation cluster in the dielectric breakdown of a resistor network [5] , the dependence of the pattern of failure on the distribution function of inhomogeneities in a random network of Hooke-type springs [6] , etc.
We focus in this paper on an electrical model initially introduced by de Arcangelis et al. [2] [7] . In the following, we will use indiscriminately the mechanical langage in the context of electrical breakdown.
General features.
On each bond of a lattice we place a fuse with probability p and an insulator with probability q = 1 -p (Fig. la) [9] . In the same figure 2 are reported the histograms depicting the current distribution n(I), i.e. the number of resistances supporting a given current I as a function of I. As one goes to more and more initially flawed systems (q increases), the current distribution broadens in a very typical non Gaussian way which has been recently studied in reference [10] [4, 11] . Figure 3 shows [2] and [4] where the bonds are positioned parallel and perpendicular to the network boundaries while ib = 1.36 for our network depicted in figure 1 .
The effect of a defect (via its effective dipole) as predicted by equation (3) . The data are the same as in figure 2 . The numbers I, II [14] that the backbone has at least one « bottleneck », i.e. a low-connectivity bond per length 6. Equation (4) is equivalent to equation (2) given in [4] except that the conductivity exponent t does not appear in our case as we have considered a current biased network. It is worth noticing that the exponent given in equation (4) is different from the equivalent exponent announced by D. Bergman [3] for a 2-D elastic network submitted to a mechanical stress. The origin of this difference lays in subtle arguments considering the essential part played by the torques acting on the bonds near the rupture of a mechanical network [15] . 4 . Interactions between defects : shielding and amplification effects (region III).
We now examine some specific interactions between defects by considering the problem of a large crack interacting with isolated defects. The choice of this particular problem is justified if one considers for example the simulations of Redner on a random fuse network [16] . It is shown that in a first stage, the damage develops by creation of (nearly) independent local defects. In a second stage a large crack develops and propagates across the lattice of already present structures. To be more specific, we will show out of a few configurations that, depending on their location, local defects can enhance or shield the propagation of a large crack. The shielding effect is well known in continuous mechanics where it is a practical procedure to stop the propagation of a crack by adding a hole at the location of the crack tip. We model these interaction problems by using again the random fuse network.
Let us first consider how the relative distribution of defects affects the maximum current at the tip of a macrocrack. Figures 6 and 7 [17] , which represent the stress intensity factor at the main crack tip versus the distance of the collinear microcrack, are displayed in the inserts. is perpendicular or parallel to the flux of current. figure 9 . In figure 9a , the fracture line develops between two macrocracks representing an initially flawed network. The addition in figure 9b of a pair of microcracks screens the bonds between the two macrocracks and favors the development of a fracture in an other area of the network. A less academic and more general flawed situation is shown in figure 10, figure 10a (represented by four stars) and which is present in figure 10b . The chronological sequence of the rupture in both examples has been indicated by increasing integers. Except for the first bond burnt, the rupture sequences are different in the two figures. Actually, the second burnt bond in figure 10b from which the fracture propagates through the entire network becomes screened in figure 10a by the defect created by the absence of the four resistance cluster. It follows in figure 10a that the second bond bums in a completely different place and gives rise to a different fracture pattern. 
